The objective of the current study was to evaluate the efficacy of non-starch polysaccharide degrading enzymes (NSPase) inclusion in diets manufactured with high-and low-quality corn on male broilers. Low-quality corn was achieved with the inclusion of 20% corn screenings (CS), and formulations were made on an isonitrogenous and isocaloric basis. Three energy levels were fed throughout the study with and without CS: high energy (HE), low energy (LE, less 110 kcal/kg), and LE with NSPase (LEN). The inclusion of CS decreased (P < 0.05) starter feed consumption (FC) and thus negatively impacted (P < 0.05) d 14 body weight (BW). Reduction of dietary energy increased (P < 0.05) starter mortality corrected feed conversion ratio (FCR). A significant interaction (P < 0.05) was observed on d 27 relating to BW and FC between diet type and energy level, as benefits associated with NSPase inclusion were more pronounced in diets containing CS. Addition of CS increased grower and cumulative FCR (d 1 to 27) as compared to diets excluding screenings. Reduction of dietary energy increased (P < 0.05) grower and cumulative (d 1 to 27) FCR in the LE fed broilers as compared to the HE broilers. FCR was improved (P < 0.05) in the LEN diet during the grower phase and through 27 d of age compared to the LE diet. During the finisher phase, broilers fed diets containing CS exhibited a lower (P < 0.05) FCR as compared to broilers fed diets without screenings. Reduction in dietary energy increased (P < 0.05) FCR; however, inclusion of NSPase diet reduced (P < 0.05) FCR to a level comparable to the HE. In conclusion, the use of CS did not impact final performance, and the inclusion of NSPase reduced FCR when fed in reduced energy diets.
by-product [1] . These screenings have become an ideal alternative feed ingredient for poultry producers, as they are approximately 70 to 80% of the cost of whole corn. This cost reduction is mainly due to the variation in nutrient content between different loads of screenings that contain a higher percentage of fiber due to the inclusion of "bee wings" and chaff, lower caloric values, and higher moisture content, resulting in an overall lower nutrient value when compared to whole kernel corn [1, 2] . It is hypothesized that the higher fiber content found in corn screenings would suggest that the concentration of nonstarch polysaccharides (NSP) would be higher as well.
NSP are major components of dietary fiber found in feed ingredients that consist of both soluble and non-soluble polysaccharides. In corn, levels of soluble and insoluble NSP are 0.1 and 8.0%, respectively, with the majority being arabinoxylans and ß-glucans [3, 4] . While corn is not considered a viscous grain, its contribution to the overall NSP content of the diet can be substantial due to its high inclusion rate [5] . NSP possess anti-nutritive properties that can hinder bird performance and alter gut physiology. These antinutritive properties include high gut viscosity, encapsulation of starch and amino acids, sticky droppings, modification of gut physiology, and an overall reduction in bird performance [3, 4, 6] . It is presumed that the inclusion of a higher fiber ingredient such as corn screenings could increase the overall NSP content of the diet, which could further exaggerate the anti-nutritive properties associated with NSP. In order to ameliorate the anti-nutritive effects of NSP and improve bird performance, non-starch polysaccharide degrading enzymes (NSPase) have been supplemented in poultry diets [7] [8] [9] .
The commercial use of exogenous enzymes within the poultry industry have been practiced since the 1980s to enhance digestibility, absorption, and utilization of various nutrients within feed ingredients [10] . It is believed that the supplementation of exogenous enzymes in the diet can yield numerous improvements, including increasing the range of feedstuffs that can be used within a diet, reducing variability in nutritive value between batches of ingredients, and improving the digestion and absorption of nutrients [11] . NSPase cleave various sites within the polysaccharide chain, which reduces viscosity and enables access to entrapped starch and amino acids [6] . Although it is generally accepted that corn-soy diets are highly digestible, improvements in nutritional value can still be achieved through NSPase supplementation [12] [13] [14] . Previous research has shown that supplementing NSPase in corn-soy diets can alleviate the antinutritive properties associated with NSPs and improve bird performance [15] [16] [17] . One factor that must be taken into consideration when supplementing NSPase is the substrate variability between ingredients. Substrate type and content differ between ingredients and may respond differently to enzyme application resulting in different interactions and results. It is believed that enzyme response is dependent on the quality of the ingredient being included in the diet. Lower quality ingredients such as corn screenings allow a greater enzyme response and therefore yield greater improvements when compared to higher quality feed ingredients [11] .
MATERIALS AND METHODS

Experimental Diets
The effect of NSPase [18] inclusion in diets manufactured with high-and low-quality corn was evaluated in a completely randomized experimental design consisting of 6 dietary treatments through a 42-day grow-out period. Low-quality corn was achieved with the inclusion of 20% corn screenings, and formulations were made on an isonitrogenous and isocaloric basis (Table 1) . Diets were formulated based on a 2 × 3 factorial consisting of diet type (presence/absence of corn screenings) and energy level. Treatments included high energy (HE), low energy (LE) with a 110 kcal/kg metabolizable energy reduction compared to the HE, and the LE supplemented with NSPase (113.5 g/ton; 2,700 U/g of xylanase from Aspergillus niger and Trichoderma reseei; also contains ß-glucanase and α-galactosidase) (LEN). One unit of xylanase activity is defined as micromoles of total reducing sugars released per min at 40
• C and pH 4.5. Diets were corn and soybean meal based with the inclusion of corn distiller's dried grains with solubles (DDGS) and meat and bone meal throughout the trial. During feed manufacturing, Corn screenings were included at 20% in the diet. 4 Trace mineral premix added in the starter yields 180 mg of manganese, 108 mg of total zinc, 5.1 mg of copper, 3.51 mg of iodine, 0.3 mg of total selenium, and 0.013 g of bacillus subtilis.
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Trace mineral premix added in the grower yields 150 mg of manganese, 90 mg of total zinc, 4.25 mg of copper, 2.92 mg of iodine, 0.25 mg of total selenium, and 0.011 g of bacillus subtilis. 6 Trace mineral premix added in the finisher yields 90 mg of manganese, 54 mg of total zinc, 2.55 mg of copper, 1.75 mg of iodine, 0.15 mg of total selenium, and 0.007 g of bacillus subtilis.
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Vitamin premix added at this rate yields 7,700 IU vitamin A, 5,500 ICU vitamin D 4 large basal diets were mixed with the LE diets, being divided equally prior to enzyme inclusion. All diets contained 250 FTU/kg of phytase [19] with a matrix value of 0.12% available phosphorus and 0.07% calcium. The experimental NSPase was blended with cornstarch to form a premix that was included in diets at 453.6 g/ton for all dietary phases, with xylanase recovery being reported in Table 2 . Diets without NSPase inclusion received a premix that contained only cornstarch. All diets were pelleted with the exception of the starter diet, which was pelleted and then crumbled. The conditioning time was 10 s, and pelleting temperature did not exceed 70
• C to preserve enzyme activity. Samples were collected in duplicate during feed manufacturing for nutrient analysis. Crude protein was determined using AOAC by combustion (AOAC 990.03), total phosphorus was determined by wet ash ICP (AOAC 985.01 M), acid detergent fiber was determined using an ANKOM digestion unit (AOAC 973.18), and an ether extraction to determine crude fat (AOAC 920.39) [20] .
Experimental Design
On d of hatch, 1,950 Cobb 500 [21] males were allotted to floor pens and dietary treatments based on initial body weight (BW). Each treatment consisted of 16 replicates containing 20 birds per replicate pen. Chicks were provided supplemental heat and given access to feed and water ad libitum. Chicks were placed in 0.91 m x 1.83 m rearing pens with tube feeders and nipple drinkers with fresh pine shavings as bedding material. Animal care was provided in accordance with a protocol approved by the Institutional Animal Care and Use Committee (IACUC). The dietary program consisted of 3 dietary phases with a starter diet being fed from 1 to 13 d of age, grower from 14 to 27 d, and a finisher being fed from d 28 to 42. All broilers and feed were weighed on the d of dietary changes for calculation of average BW and determination of feed consumption (FC) for the calculation of mortality-corrected feed conversion ratio (FCR).
Statistical Analysis
All data were subjected to a 2 × 3 factorial analysis of variance (ANOVA) using SPSS V 22.0 with main effect means being statistically different at a P ≤ 0.05. In the instance of a significant interaction present between corn type and enzyme, data were subjected to a one-way ANOVA and individual treatment means separated by Duncan's multiple range test.
RESULTS AND DISCUSSION
On d 14, diet type influenced BW with birds being fed without corn screenings having a higher (P < 0.05) BW compared to diets with 20% corn screenings ( Table 3) . On d 27, a significant interaction was observed between diet and energy level. Although no differences were observed between the HE and LE in the control diet, a reduction (P < 0.05) in BW was observed in the diet containing corn screenings when comparing the LE to the HE. While the inclusion of NSPase in the control diet did not influence BW, NSPase supplementation in the LE diet containing corn screenings increased BW to levels similar to that of the HE. On d 42, no significant differences were observed among treatments in relation to average BW.
Mortality-corrected FCR was consistently impacted with the variations of energy in the diet and the presence of NSPase. During the starter phase, the presence of corn screenings did not impact observed FCR; however, the reduction in energy in the LE diet increased (P < 0.05) FCR compared to the HE diet ( Table 3 ). The inclusion of NSPase did not impact starter diet FCR. During the grower period, diet impacted FCR with birds being fed corn screenings exhibiting a higher (P < 0.05) FCR compared to diets absent of screenings. Similar to the starter period, reduction of dietary energy in the LE diet negatively impacted FCR, as broilers fed the LE diet had an increased (P < 0.05) FCR compared to the HE fed broilers. The addition of NSPase in the LEN treatment during the grower phase reduced (P < 0.05) FCR compared to the LE fed broilers. Similar results were observed for the cumulative FCR from d 1 to 27 with corn screenings increasing (P < 0.05) FCR, energy reduction increasing (P < 0.05) FCR, and NSPase decreasing (P < 0.05) FCR. During the finisher phase, diet influenced FCR, as broilers fed diets including corn screenings had a lower (P < 0.05) FCR. At the conclusion of the trial (d 1 to 42) , the presence of Corn screenings were included at 20% in the diet. 4 Analyzed nutrient content conducted by Midwest Laboratories, Omaha, NE.
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Analyzed xylanase recovery was 208, 183, and 196 U/kg for the control diet and 226, 307, and 196 U/kg for the diet containing corn screenings for the starter, grower, and finisher phases, respectively. corn screenings did not impact FCR. Reduction of dietary energy increased (P < 0.05) FCR as compared to the (HE) fed broilers. Inclusion of the NSPase in the LEN diet improved (P < 0.05) observed FCR (d 1 to 42) as compared to the LE diet and were similar to the HE fed broilers.
During the starter phase, diet influenced FC with the birds being fed corn screenings exhibiting a reduction (P < 0.05) in feed intake compared to the control diets (Table 4) , which contributed to the reduced BW observed at d 14. Birds fed the low-energy diet did not observe differences in FC when compared to the HE diet; however, the LEN diet increased (P < 0.05) FC when compared to the HE. Following the starter phase, neither diet nor energy level influenced FC for the duration of the trial. No differences in mortality were observed among treatments throughout the study (Table 4) .
Feed costs account for approximately 70% of total poultry production costs and are continually increasing due to the rising demand of cereal grains for biofuel production and world consumption [22] . Alternative feed ingredients such as grain by-products (DDGS, wheat middlings, corn screenings, etc.) have become a viable option in reducing diet costs, as they are cheaper and less desirable compared to traditional feed ingredients [23] . It should be noted that grain by-products vary greatly in nutrient content and are typically higher in fiber concentration [24, 25] . Elevator configuration and cleaner operating practices have been known to be primary contributors to the variation in the nutritional content of screenings [26] . Preliminary research observed higher fiber and ash (1 to 2%) values in small fines when evaluating screening composition [27] . It is suggested that the higher fiber content and lower energy value associated with corn screenings can be related to the greater portion of cell wall components and a smaller portion of endosperm. It is presumed that the reduction of endosperm content would result in a lower starch value, as starch is the major storage carbohydrate of cereals and is located within the endosperm in granular form [28] . Furthermore, the increased cell wall components could attribute to the higher fiber value as well as an increase in NSP and substrate content. While previous research involving the use of corn screenings in poultry diets is minimal, this corn-by product could potentially be used as an alternative feed ingredient for poultry producers.
In the current trial, the inclusion of corn screenings reduced broiler BW when compared to control diets on d 14. This may be due to the increased fiber content found within screenings, as fiber has been known to negatively affect chick growth [29] . It is possible that the higher fiber content found within corn screenings may have negatively impacted digestion, as there was a decrease in feed intake that resulted in lighter bird weights during the starter phase. While feed intake was reduced early in the trial, no further differences in consumption were observed following the starter phase. It has been reported that the response to increases in dietary fiber varies depending on a multitude of factors, including level and type of fiber, bird age, and composition of diet [30-33]. Mazhari et al. [34] stated that birds fed wheat screenings at 24% resulted in a 15% lower BW gain compared to the control diet. Furthermore, Stapleton et al. [35] observed a reduction in BW when incorporating wheat screenings at 60% in diets compared to a standard commercial diet through 4 wk of age. Although the reduction of BW in the current trial was attributed to the reduction in feed intake, it also may be associated with an increased rate of feed passage, resulting in less efficient digestion and absorption of nutrients [36] . Ravindran et al. [37] noted an increase in rate of passage in swine when increasing insoluble fiber content. These results indicate that fiber content could possibly influence passage rate in broilers. The significant interaction between diet and enzyme on d 27 could be related to the increased fiber and substrate content of the corn screenings. It is possible that the inclusion of corn screenings in the diet allowed for a greater enzyme response due to the increased substrate content. Ravindran [11] stated that the reaction rate of enzymes increases as the concentration of substrate in the diet increases. Furthermore, Meng et al. [6] reported that carbohydrases are able to degrade cell wall polysaccharides, releasing encapsulated nutrients such as starch and amino acids. This may explain the increase in BW on d 27 when supplementing NSPase in the LE (−110 kcal/kg) diet containing corn screenings. Cowieson et al. [38] noted that approximately 400 to 450 kcal of energy is not digested in corn-soy diets allowing for improvement through enzyme supplementation. It is hypothesized that the inclusion of NSPase in the diet elicited an effect by hydrolyzing the betabonds, releasing sufficient amounts of energy and protein that was used for muscle growth, which resulted in an overall increase in weight gain when compared to the energy-deficient diet without enzyme inclusion. Similar results were observed by Cowieson et al. [38] in which supplementing reduced-energy (−110 kcal/kg) diets with a combination of xylanase and glucanase at 8,000 and 15,000 U/kg, respectively, increased BW by 4.5% compared to the NC diet. In order to successfully incorporate corn screenings in commercial diets, accurate nutrient profiles of corn screenings are necessary for effectively utilizing this grain by-product. Hess et al. [2] reported nutrient levels and the presence of mycotoxins and anti-nutritional factors varying more for corn screenings more than other feed ingredients. Due to the varying nutrient content within screenings, broiler performance could be negatively impacted if nutrient profiles obtained from whole corn were used instead of corn screening values.
Diet composition did not impact FCR during the starter phase. While the main effect of energy level resulted in no differences in starter FCR in the LEN when compared to the LE diet, the removal of energy from the diet resulted in a significant increase in FCR when compared to the HE for the starter period. Williams et al. [7] observed similar results during the starter phase with a 15-point increase in FCR occurring in the reduced-energy (−88 kcal/kg) diet compared to a standard corn-soybean meal diet. In the grower phase and cumulative through d 27 of the current trial, the inclusion of corn screenings increased FCR when compared to the control diets. This could be attributed to the anti-nutritive properties associated with NSP in corn screenings exerting a negative impact on FCR, resulting in poorer feed conversion when compared to birds fed the control diets. While intestinal viscosity was not measured in the current study, it could have possibly been one of the mechanisms involved in influencing performance, as increased gut viscosity can inhibit digestion and absorption of nutrients, reduce the diffusion of endogenous enzymes, as well as alter gut microbiology [39, 40] . Mazhari et al. [41] observed an increase in intestinal viscosity in broilers fed varying levels of wheat screenings compared to diets without screenings. The supplementation of NSPase in the current study reduced FCR during the grower phase and cumulative through d 27 when compared to the energy-deficient diet. It is believed that the supplementation of NSPase in the diet could have reduced gut viscosity and enabled access to the encapsulated nutrients within the cell walls, resulting in an improved FCR. With regards to the finisher phase, there was an inverse trend, as birds fed the diet containing screenings resulted in lower FCR compared to birds fed the control diets. While this outcome was unexpected and unclear, it is hypothesized that the greater proportion of fiber in the corn screenings influenced gut microbiota concentrations. Barnes et al. [42] reported that the intestinal microflora of chickens was altered over a period of 2 to 6 wk of age, indicating that the increased fiber content in the corn screenings could have reformed the gut microbiota, eliciting a beneficial effect in the finisher phase. Previous research has suggested that fermentation of NSP from gut microbiota results in the increased production of short chain fatty acids (SCFA), which could then be used as a potential energy source [43, 44] . While no differences were observed in diet composition for cumulative d 1 to 42, the main effect of energy level on FCR was significant with the energy-deficient diet increasing FCR by 4 points when compared to the HE diet. O'Neill et al. [9] observed similar results when evaluating xylanase efficacy in reduced-energy diets with and without fat compared to standard corn-soybean meal diets. The reduction of energy (−100 kcal/kg) in both the NC diets with or without fat increased FCR by 7 and 8 points, respectively, when compared to the PC for the cumulative phase (d 1 to 42) . With regard to the LEN diet, FCR was improved to levels that were similar to the HE, implying that NSPase supplementation can recover caloric values removed in the LE diet. Research conducted by Cowieson et al. [38] agrees with this data, as cumulative FCR was improved to levels comparable to the PC when supplementing both xylanase and glucanase in low-energy diets at 8,000 and 15,000 U/kg, respectively.
Feed consumption was impacted during the starter phase with the inclusion of corn screenings reducing FC compared to the control. Leeson et al. [45] observed similar results from d 11 to 21 with a reduction in feed intake in male broilers fed diets diluted with 25% ground rice hulls. While no differences were observed between the HE and LE diets, the inclusion of NSPase in the LEN diet significantly increased FC by 1 gram when compared to the HE. Coppedge et al. [17] also reported no differences in FC during the starter phase when comparing reduced-energy (−133 kcal/kg) diets to standard corn-soybean diets. However, in contrast to the current trial, NSPase inclusion did not influence starter feed intake when compared to the high-energy diet. Throughout the remainder of the current study, main effects for diet and energy level did not affect FC. These data agree with research conducted by Mazhari et al. [41] in which diets with wheat screenings at levels of 150, 300, 450, and 600 g/kg did not impact FC when compared to the control diet. Furthermore, both Saki and Alipana [46] and Audren et al.
[47] observed no effect on FC when feeding diets with varying levels of wheat screenings.
In the present study, the incorporation of corn screenings at 20% suppressed early growth performance; however, no differences among diet types were observed at the conclusion of the trial indicating corn screenings can be successfully incorporated in broiler diets. Furthermore, supplementing NSPase in corn-soybean meal diets with and without corn screenings improved performance parameters of male broilers in both diet types. The results of this study indicate that the supplementation of NSPase can recover the caloric value lost in LE diets as well mitigate the anti-nutritive factors associated with NSP in corn screenings. These data suggest that removing energy from the diet as well as incorporating lower quality ingredients such as corn screenings can be potential feeding strategies for poultry producers.
CONCLUSIONS AND APPLICATIONS
1. The inclusion of corn screenings negatively impacted growth performance early during grow-out; however, equivalent growth measurements were achieved at the conclusion of the experiment to broilers fed diets without corn screenings. 2. Inclusion of NSPase is effective at eliminating the negative impacts on growth performance associated with the removal of dietary fat.
